Background: Adolescent girls between 15 and 19 years give birth to around 16 million babies each year, around 11% of births worldwide. We sought to determine whether adolescent mothers are at higher risk of maternal and perinatal adverse outcomes compared with mothers aged 20-24 years in a prospective, population-based observational study of newborn outcomes in low resource settings.
Background
Adolescent girls between 15 and 19 years give birth to around 16 million babies each year, around 11% of births worldwide. Ninety-five percent of these births occur in low-and middle-income countries, where complications from pregnancy and childbirth are a leading cause of death among girls of this age [1] . Although fertility rates in adolescents have declined since 1990, progress has slowed in this century, mainly in sub-Saharan Africa and Latin America, where about half and one third of women give birth before the age of 20, respectively [2, 3] .
Pregnancy in adolescence has been associated with an increased risk of adverse pregnancy outcomes such as preterm birth [4] [5] [6] [7] [8] [9] , low birth weight (LBW) [4] [5] [6] [7] [8] [9] , perinatal death [5] [6] [7] [8] 10] , obstructed labor [3, 11] , and maternal deaths [1, 4] . However the evidence is still controversial; the extent to which the observed associations were caused by the biological immaturity of the adolescent mothers, or were confounded by their frequently poor socioeconomic conditions and lack of health care is still a matter of debate [4, 5, 7, 8, [12] [13] [14] .
This conflicting evidence of research on adolescent pregnancy outcomes to date may be explained by the heterogeneity of study settings (hospital-based vs population-based studies), small sample sizes, especially for adolescents <15 years, and different conceptual approaches to adjust for potential confounders [4, 5] .
Hence, there is a need for high quality, large, population-based studies, especially from low resource settings where most of the adverse outcomes occur. We aim to determine whether adolescent mothers are at higher risk of maternal and perinatal adverse outcomes compared with mothers aged 20-24 years in a prospective, population-based study of newborn outcomes in low resource settings, the Global Network for Women's and Children's Health Research Maternal Newborn Health Registry (MNHR) [15] .
Methods

The Global Network's Maternal Newborn Health Registry (MNHR)
The MNHR is a prospective, population-based observational study that includes all pregnant women and their outcomes in defined geographic communities (clusters). These clusters with approximately 300 -500 annual births were established in health districts by 7 research sites in western Kenya (Moi University), Kafue and Chongwe, Zambia (University of Zambia), Thatta, Pakistan (Aga Khan University) Belgaum, India (KLE University), Nagpur, India (Indira Gandhi University), Chimaltenango Guatemala (FANCAP), and Corrientes and Santiago del Estero Argentina (IECS). The MNHR was initiated at each of the study sites between 2009 and 2010 and continues to the present.
Registry administrators (RA's), paid study staff who were usually community health workers, nurses, or midwives, identified pregnant women and generally consented those who were eligible by 20 weeks gestation. All women who were residents of the defined communities were eligible and contacted. The RA's then obtained basic health information at enrollment, and conducted a follow-up visit at or following delivery to collect pregnancy outcomes and health care provided during delivery. A second follow up visit at or after 42 days was done to collect data on maternal and infant health status. Information on the study outcomes was based on medical record review, and birth attendant and family interviews.
All study data were collected, reviewed, and edited by staff at each study site. Data were then transmitted to a central data-coordinating center (RTI International, Durham NC) using a secure process, with additional edits performed centrally and addressed at each site.
The MNHR study was reviewed and approved by all sites' ethics review committees (CEMIC, Buenos Aires, Argentina; Francisco Marroquin University, Guatemala; University of Zambia, Zambia; Moi University, Kenya; Aga Khan University; KLE University's Jawharal Nehru Medical College, Belgaum; Indira Gandhi Medical College, Nagpur), the institutional review boards at each U.S. partner university and the data coordinating center (RTI). All women provided informed consent for data collection and follow-up visits. A detailed description of the MNHR methods can be found elsewhere [15] .
Study population
The study population for this analysis was restricted to women enrolled in the MNHR, aged 24 years or less, who gave birth to infants of at least 20 weeks' gestation and weighing 500g or more. The study period included women enrolled with deliveries January 2010 through December, 2013.
Exposure and hierarchical approach for the selection of confounders
The exposure of interest was adolescent maternal age at enrollment categorized into two groups: <15 years (early adolescence), and 15-19 years (older adolescence). The World Health Organization (WHO) defines adolescents as those aged 10 to 19 years [3] . Mothers in the age category 20-24 years were the reference group. As the aim of this study was explanatory, the selection of confounders was based on a conceptual hierarchical framework oriented to distinguish potential confounding factors from mediating factors [16] . Maternal education and parity are distal socioeconomic and reproductive factors of adverse pregnancy outcomes that are also associated with adolescent pregnancy [3] . Although data on family income are not collected in the MNHR, the clusters are located in low resource settings in which the vast majority of women are of low socioeconomic condition. Maternal height and prepregnancy weight in the Registry had differential missing rates that did not permit these to be included in this analysis. Low pre-pregnancy maternal body mass index (BMI) is associated with preterm birth and LBW, and adolescents tend to have lower BMIs than their adult counterparts [13] . However, low BMI may also be an indicator of biological immaturity in adolescent girls; thus if adolescence was a risk factor of adverse pregnancy outcomes, BMI might be more a mediator in the causal pathway than a confounder, and would not be used for adjustment. Similarly, adolescents may have a different access to, and quality of antenatal and delivery care than the adult mothers. An adverse outcome could be, partially at least, mediated by a lower access to care or lower quality of care. Thus the comparison of the antenatal and delivery care processes between adolescents and adults would be used for the interpretation of the mechanism of action of maternal age on adverse outcomes, rather than as potential confounders. Therefore, to control for confounding, if parity and education were clinically different among the maternal age groups in the univariate analysis we would adjust for these factors in the multivariate analysis. Figure 1 shows a simplified conceptual hierarchical model of the relationships between age and other factors with adverse pregnancy outcomes, adapted from Victora et al [16] .
Maternal and perinatal outcomes
We considered the following maternal outcomes: antepartum and postpartum hemorrhage, obstructed labor, hypertensive disorders, maternal sepsis, and maternal mortality at 42 days postpartum. The perinatal outcomes were: preterm birth (live birth at <37 weeks' gestation), LBW (live birth weighing <2,500g at birth), stillbirth (fetal deaths occurring >500 g [or >22 weeks gestation]), early neonatal deaths (neonatal deaths 0-6 days after birth), neonatal deaths (neonatal deaths 0-28 days after birth), perinatal deaths (neonatal deaths 0-6 days plus stillbirths).
Statistical analysis
Descriptive analyses included calculating the frequency and distribution of values. We compared the frequency of maternal characteristics and the process of antenatal and delivery care between the adolescent groups and adults. The interpretation of the differences was done on clinical basis, acknowledging that with these large sample sizes, small but clinically not relevant differences would be statistically significant. To estimate the effect of the adolescent age categories on maternal and perinatal outcomes, generalized linear models were used evaluate the relationship of adolescent age and adverse pregnancy outcomes and to develop point and interval estimates of the relative risk associated with these risk factors; generalized estimating equations were used to account for the correlation of outcomes within cluster in developing appropriate p-values and confidence intervals. All data were analyzed using SAS v.9.3 (Cary, NC).
Results
A total of 269,273 women were enrolled from January 2010 to December 2013. Maternal age was missing for 437 women (0.16%) with no site exceeding 0.4%. The proportion of all pregnancies occurring in adolescents 15-19 years was 11.9% (32,097/269,273), while in girls <15 years it was 0.14% (370/269,273). However, the distribution among sites was very heterogeneous (figure 2). While the proportion of all births in adolescents 15-19 years in the sub-Saharan African (SSA) and Latin American (LA) sites ranged from 16.1% (Guatemala) to 26.0% (Argentina), in the South Asian (SA) sites this proportion ranged from .0% (Nagpur, India) to 9.6% (Belgaum, India). The mean age of the adolescents 15-19 years was 18.7 (SD 0.6) years and 17.7 (SD 1.2) in the south Asian sites and subSaharan/Latin American sites respectively. Moreover, the proportion of births to adolescents <15 years ranged from 0.2% (Kenya) to 1.1% (Argentina), while there were virtually 0% (10 women) at the three south Asian sites altogether. Due to this heterogeneity, the comparison of the characteristics and outcomes between the adolescents and adults was difficult to interpret when presented altogether. Additionally, the evaluation of adolescents <15 years was not possible at the south Asian sites due to the small sample size. For these reasons only, the results are shown separately in two subgroups: the four SSA and LA sites, and the three SA sites. The comparison of adolescents <15 years was done for the SSA and LA sites only. Table 1 shows the maternal demographic and obstetric characteristics of the groups of adolescents and adults, stratified by the two subgroups of sites. Compared to women 20-24 year, adolescents 15-19 years showed a slight trend to be less educated, however the differences were not clinically relevant at any site. Adolescents 15-19 years of age were more likely to be nulliparous in both groups of sites. Adolescents <15 years were less educated than older adolescents and adults, but the frequency of women without formal education was <10% in the three age groups. Table 1 also describes the characteristics of the antenatal and delivery care. The frequency of women attending at least four ANC visits did not show clinically relevant differences between adolescents 15-19 years and adults 20-24 years. The gestational age (GA) at first visit was similar in these two groups of women. Adolescents <15 years showed a slightly lower frequency of attendance at four visits, and a similar distribution of GA at first visit, compared to older adolescents and adults. The quality of the ANC was measured through the frequency of preventive interventions and screening procedures. The frequency of tetanus toxoid and preventive iron or vitamins was similar in adolescents 15-19 years and adults in the south Asian sites, and slightly higher in adolescents 15-19 years than in adults in the sub-Saharan/Latin American sites. The proportion of adolescents 15-19 years screened for syphilis and HIV was lower than adults at the SA sites, and slightly higher at the SSA/LA sites. Similarly, early adolescents were slightly more likely to receive screening procedures compared to adults, but these differences were not clinically important.
The birth attendants were similar in adolescents 15-19 years and adults in both groups of sites. However the adolescents were more likely to deliver at hospitals and less likely to deliver at home. This difference was larger in the SSA/LA sites than in SA sites. Similar trends were observed in adolescents <15 years, with wider CIs. Compared to adults 20-24 years and after adjustment for cluster and parity, being in the early adolescent group was not statistically significant in associations for antepartum hemorrhage (RR 1.21, 95% CI 0.59-2.48); post-partum hemorrhage (RR 0.78, 95% CI 0.48-1.28); obstructed labor (RR 0.91, 95% CI 0.68-1.21); and sepsis (RR 1.45, 95% CI 0.51-4.13). Compared to adults, adolescents <15 years showed a statistically significant lower risk of hypertensive disorders (RR 0.32, 95% CI 0.12-0.86).
Preterm birth and LBW rates were higher in adolescents 15-19 years compared to adults, at both SA and SSA/LA sites. After adjustment for cluster (due to the cluster design of the Registry) and parity, older adolescents showed a small but statistically significant increase in the risk of preterm birth [RR Although stillbirth rates were slightly higher among adolescents 15-19 years, after adjustment, no difference was observed in SA sites (RR 0.98, 95% CI 0.91-1.06), and a small and not statistically significant increase in risk at SSA/LA sites (RR 1.10, 95% CI 0.95-1.27). Neonatal mortality rates at 28 days showed a somewhat similar pattern. While the rates in adolescents 15-19 years were higher compared to adults at both groups of sites, after adjustment that difference was smaller and not significant in SA sites (RR 1.07, 95% CI 0.97-1.19). Conversely, the relative risk in SSA/LA sites was higher and statistically significant (RR 1.18, 95% CI 1.04-1.33).
Neonatal mortality at 7 days followed a very similar same pattern. Finally, after adjustment, perinatal mortality was similar in older adolescents and adults at the SA sites (RR 1.03, 95% CI 0.96-1.10), while significantly higher in older adolescents at the SSA/LA sites (RR 1.03, 95% CI 1.02-1.25). Adolescents <15 years showed even larger relative risks than older adolescents and adults for preterm birth (RR 2.07, 95% CI 1.59-2.70) and LBW (RR 1.81, 95% CI 1.40-2.34). Similar trends were observed in neonatal mortality at 28 days and perinatal mortality, although the differences were not statistically significant. There was no significant association between early adolescence and stillbirths (Table 2, figure 4).
Discussion
In this large population-based study conducted in six large middle income countries (LMIC), the prevalence of adolescent pregnancy was heterogeneous among regions; while in India and Pakistan the prevalence did not exceed 10%, in sub-Saharan African and Latin American sites it ranged from 16% to 27%. Early adolescent pregnancies were practically nonexistent in the SA region, but were still between 0.2% and 1% in the SSA and LA sites. Adolescents did not show worse maternal outcomes than adults 20-24 years. After controlling for parity and cluster design, we found that there were neither clinical nor statistical significant differences in the risk of antepartum hemorrhage, postpartum hemorrhage, or maternal sepsis among adolescents 15-19 years and <15 years compared to adults 20-24 years. However, the risks of obstructed labor and hypertensive disorders were significantly lower among adolescents 15-19 years compared to adults 20-24 years, although the difference was small. Early adolescents showed similar trends but no significant differences.
Overall, perinatal outcomes showed a more heterogeneous pattern. Risks of preterm birth and LBW were significantly higher among both early and older adolescents, with the highest risks observed in the <15 year old group. Neonatal and perinatal mortality showed to follow a similar trend in SSA and LA, with the highest risk in early adolescents, although the differences in this age group were not significant. However, in south Asia the risks of neonatal and perinatal death were not different among adolescents 15-19 years compared to adults 20-24 years. Finally, stillbirth risks did not differ significantly by adolescent age category.
The study has several strengths. The MNHR is one of the largest prospective population-based studies of maternal and perinatal data in low-resource settings, enrolling more than 250,000 pregnant women in seven sites in six LMICs in four years. The large sample size and a 98% follow-up to obtain pregnancy outcomes, resulted in enough power to detect small differences in perinatal mortality. Additionally, the population-based nature of the registry makes the findings more generalizable than facility-based studies. However, the study has several limitations. The MNHR was not designed to specifically evaluate the association between age and adverse pregnancy, thus not all relevant variables to assess confounding were collected, i.e., marital status and tobacco exposure. However, the lack of these variables has limited impact as adolescent pregnancies out of the wedlock are rare in India and Pakistan [10] and also infrequent in SSA [3] . Additionally, in a previous Global Network study, tobacco exposure during pregnancy has shown to be very low in all sites but Argentina [17] .
Another limitation was the quality of the maternal morbidity data, which in these low-resource community settings with a substantial proportion of home births may underestimate the true prevalence, which is reflected by the low rates of hypertensive disorders. Finally, we did not adjust by maternal education in the multivariate model, as education was not clinically relevant, and furthermore, higher education levels were observed among adolescents compared to young adults in the SSA and LA sites. This is consistent with another recent multi-country study [6] , and with the better trends in education reported in adolescents in several countries [18] . We observed no increased risk of maternal adverse outcomes among adolescents compared to adults after adjusting for parity, which showed to be an important confounder. Moreover, we observed a lower risk of hypertensive disorders and obstructed labor among the adolescent groups. The association with lower risk of pre-eclampsia has been previously reported in other studies, including a large hospital-based WHO multi-country study conducted in similar regions [6] [7] [8] . The observed lower risk of obstructed labor might be explained by a lower mean birth weight and rates of macrosomia at birth among adolescents [6, 7] . Nonetheless, these findings on maternal morbidity outcomes should be interpreted cautiously, due to the limitations described.
The observed increased risk in perinatal outcomes among adolescents compared to adults, with the magnitude of the risk increased in early adolescents is consistent with previous reports. [4] [5] [6] [7] [8] [9] [10] However, in our study this finding was not homogeneous across the regions. The neonatal and perinatal mortality in SA was not increased among older adolescents, and the magnitude of the increased risk in preterm birth and LBW was smaller than in SSA and LA. A possible explanation is that the adolescents 15-19 years were actually one year older in SA (mean 18.7 years) than in SSA and LA (mean 17.7 years). However this difference should be considered cautiously, as misclassification of age may be an alternative explanation. In India and Pakistan marriage is not permitted before 18 years of age and it has been reported that families may misrepresent girls as older to avoid this limitation [10] . Nevertheless, it is also plausible that older adolescents in south Asia were qualitatively different than those in SSA and LA. The rates of adolescent pregnancy have been decreasing and are currently low in south Asia, and rarely occur in single women. A possible hypothesis to be tested in other studies would be that this group was more comparable to young adults in their behaviors, and consequently show more comparable outcomes. However this study cannot provide evidence to either support or refute this hypothesis.
The increased risk in perinatal outcomes does not seem to be mediated by a different access of adolescents to antenatal care or a different quality in the care. The differences in access to care are relatively minor among the groups, and the quality measured by the prevalence of screening tests and preventive interventions seems to have been comparable overall to adults. Similarly, the worst perinatal outcomes seem not to be explained by a different access to delivery care; adolescents, and more particularly the younger ones, were more frequently attended by skilled birth attendants and at hospitals than their adult counterparts. We did not have complete enough Registry data to evaluate the nutrition among adolescents and adults in order to explore the possible mediating role of nutritional factors on adverse perinatal outcomes. Consistent with other studies [4, 5] , our findings suggest that the risks among adolescents cannot be explained only by socio-economic factors, inadequate Figure 3 Maternal outcomes Risk Ratios 95% CI's* antenatal or delivery care. Although due to the study nature we cannot rule out residual confounding as a possible explanation of our findings, other unknown age-related factors seem to contribute to the increase perinatal risk in adolescents.
Conclusions
In summary, this study provides more evidence that pregnancy among adolescents is not associated with worse maternal outcomes, but that it is associated with worse perinatal outcomes, particularly among younger adolescents. However, these trends may differ in regions like south Asia where there are decreasing rates of early adolescent pregnancies. Finally, our study suggests that the increased perinatal risks among adolescents might be associated to other unknown age-related factors, rather than only to socio-economic factors, inadequate antenatal or delivery care. 
